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SUBSTITUTE SPECIFICATION 

ELECTROMAGNETIC WAVE ABSORBER 

Priority Statement 

[0001] This application is the national phase under 35 U.S.C. 
§ 371 of PCT International Application No. PCT/ JP2004/002503 
which has an International filing date of March 1, 2004, which 
designated the United States of America, the entire contents 
of which are hereby incorporated herein by reference. 

Technical Field 

[0002] The present invention generally relates to an 
electromagnetic wave absorber used for improving an 
electromagnetic environment in space such as offices. 

Background Art 

[0003] Currently, in the architecture of LANs (local area 
networks) on computer networks, communication systems with 
better flexibility andhigher mobility have been developed using, 
for example, wireless LANs with micro waves. Furthermore, a 
short-range wireless technology called Bluetooth, which is said 
to represent a WPAN (wireless personal area network) , is used 
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instead of wired cables. In an environment in which a large 
number of such technologies are used together with one another, 
there are problems in that electromagnetic waves interfere with 
each other when electromagnetic waves in the same band are used 
or in that transmission errors (multi-path) are caused by- 
reflected waves and the like. More specifically, the 
transmission speed between equipment using the wireless 
technologies is lowered, andBER (bit error rate) is deteriorated, 
and in the worst case, the equipment may malfunction. 
[0004] In order to solve these problems, conventionally, 
magnetic loss materials represented by f errite and dielectric 
loss materials represented by carbon black, for example, have 
been used as electromagnetic wave absorbing materials . In order 
to supply these electromagnetic wave absorbing materials, 
electromagnetic wave absorbers having a predetermined complex 
relative dielectric constant and complex relative permeability 
have been developed. In this conventional technique, for 
example, when an electromagnetic wave absorber is realizedusing 
f errite as a constituent in the 2.45 GHz band of a wireless 
LAN and the like, there is a problem in that due to the restriction 
of the snoek peak, it is usually impossible to reduce the 
thickness of the electromagnetic wave absorbing material to 
4 mm or less. 

[0005] As other conventional techniques, multi- layered 
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electromagnetic wave absorbers including patterned layers have 
been disclosed in Japanese Unexamined Patent Publication JP-A 
06-164184 (1994) , Japanese Patent No. 3076473 (Japanese 
Unexamined Patent Publication JP-A 06-244583 (1994)), Japanese 
Patent No. 32 09456 (Japanese Unexamined Patent Publication JP-A 
06-140787(1994)), Japanese Patent No. 3209453 (Japanese 
Unexamined Patent Publication JP-A 06-45782 (1994) ) , Japanese 
Unexamined Patent Publication JP-A 06-252582 (1994) , Japanese 
Unexamined Patent Publication JP-A 06-224586 (1994), and 
Japanese Unexamined Patent Publication JP-A 09-148782 (1997) . 
An electromagnetic wave absorber having a patterned layer based 
on a conductor loop structure has been disclosed in Japanese 
Unexamined Patent Publication JP-A 10-224075 (1998) . 
Furthermore, a plurality of resonant frequency selective 
electromagnetic wave blocking planar members are described in 
Japanese Unexamined Patent Publication JP-A 11-204984 (1999) 
and Japanese Unexamined Patent Publication JP-A 11-195890 
(1999) . Moreover, a method for designing the shape of patterns 
and the like is described in Japanese Unexamined Patent 
Publication JP-A 2003-243876. 

[0006] In JP-A 06-164184, a radio wave reflection preventing 
member using a patterned metal layer is described. In order 
to leave a space between molded sheet layers, this radio wave 
reflection preventing member has a configuration in which paper , 
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cloths, non-woven fabrics or porous sheets are impregnated with 
paint containing a material such as ferrite and carbon. Thus, 
this technique is different from the invention in which these 
impregnated members are not used. Similar configurations are 
described as patterned resin layers also in JP-A 06-252582 and 
JP-A 06-224568, but these configurations are also different 
from that of at least one embodiment of the invention. 
[0007] In Japanese Patent No. 3076473 (JP-A 06-244583 ) , a radio 
wave absorber is described in which a set of a patterned layer 
and a resin layer is taken as one unit and this unit is repeated 
for a plurality of times. It is described that in the radio 
wave absorber, at least one coating film is used as the patterned 
layer, and thus this technique is different from at least one 
embodiment of the invention in which an element made of metal 
is used and there is a limitation regarding the conductivity. 
[0008] In Japanese Patent No. 3209456 (JP-A 06-140787), a 
laminated layer member made of a patterned layer and a resin 
layer is described. This laminated layer member has a 
configuration in which patterned structures are piled up, and 
is different from at least one embodiment of the invention in 
the shape of an element. A similar configuration is described 
also in Japanese Patent No. 3209453 (JP-A 06-45782) , but this 
form is also different from at least one embodiment of the 
invention in the shape of an element. 
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[0009] In JP-A 09-148782, JP-A 10-224075 , JP-A 11-204984 , and 
JP-A 11-195890, configurations are described in which a 
patterned layer and an insulation spacer material that may be 
a space are laminated. In these laminated configurations, a 
loss component based on thermal conversion such as a dielectric 
loss material or a magnetic loss material is not used, and thus 
this technique is different from at least one embodiment of 
the invention. Since the absorption frequency is controlled 
only with the shape of patterns and the interval of spacers, 
when the thickness of the spacers is changed by the incident 
angle of radio waves, the oblique incident property becomes 
poor . 

[0010] In JP-A 2003-243876, a theoretical design method is 
described in which an approximate analysis is conducted on the 
shape of patterns and the constituents of a radio wave absorber 
using the FDTD method. However, this method involves various 
factors to be calculated, and when actually combined with a 
material used as an architectural interior material with a 
different complex relative dielectric constant, for example, 
it is complicated to change the design. 

[0011] As described in JP-A 06-164184, Japanese Patent No. 
3076473 (JP-A 06-244583), Japanese Patent No. 3209456 (JP-A 
06-140787), Japanese Patent No. 3209453 (JP-A 06-45782 ) , JP-A 
06-252582, JP-A 06-224568 , JP-A 09-148782 , JP-A 10-224075 , JP-A 
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11-204984, JP-A 11-195890, and JP-A 2003-243876, as a radio 
wave absorber that can be made thinner and lighter, a patterned 
radio wave absorber provided with a patterned layer is 
conceivable, and has been put to practical use as a far-field 
electromagnetic wave absorber. Herein, the ability to absorb 
radio waves conflicts with the ability to be thinner and strong. 
It is difficult to make an absorber thin and to sustain a high 
strength thereof while keeping a high absorbing ability. In 
particular, for an electromagnetic wave absorber for absorbing 
radio waves with a lower frequency such as 1 to 3 GHz, it is 
necessary that the absorber layer is thick, and thus it is 
difficult to make the absorber thinner and lighter, and to attain 
softness and processabili ty in being cut on the spot. 
[0012] When providing the ability to absorb electromagnetic 
waves in an architectural interior material such as a ceiling 
material, a wall material, and a screen, emphasis is put on 
the workability and the required specification in terms of cost, 
and thus it is necessary that the electromagnetic wave absorber 
is thinner, lighter, softer and less expensive to the extent 
possible . In particular, when a wireless LAN is actually used, 
metal racks, posts, or air conditioners that have been 
conventionally present act as electromagnetic wave reflecting 
layers, and thus there are spots with poor wireless 
communications. In this case, covering a portion exerting an 
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influence on the wireless communication environment with an 
electromagnetic wave absorbing member is effective in improving 
communications, but conventional techniques cannot provide a 
radio wave absorber that is thin, light, soft, and excellent 
in the strength and workability while having a high ability 
to absorb radio waves . 

SUMMARY 

[0013] It is an object of at least one embodiment of the invention 
to provide an electromagnetic wave absorber that is thin, light, 
soft, and excellent in the strength and workability while having 
a high ability to absorb electromagnetic waves. 

[0014] At least one embodiment of the invention is directed 
to an electromagnetic wave absorber, comprising: 

element receiving means provided with a plurality of 
conductor elements having predetermined resonant frequencies 
and including a plurality of types of conductor elements that 
perform different receiving operations, the plurality of 
conductor elements being arranged spaced away from each other 
in a direction intersecting an incoming direction of 
electromagnetic waves, and the plurality of conductor elements 
being substantially polygonal and having at least one corner 
portion of an arc shape having a curvature radius corresponding 
to the resonant frequencies; and 
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a loss material for causing energy loss to electromagnetic 
waves, provided close to the element receiving means. 
[0015] According to at least one embodiment of the invention, 
element receiving means is configured by arranging a plurality 
of conductor elements in the direction intersecting the incoming 
direction of electromagnetic waves . With this element 
receiving means, it is possible to efficiently receive 
electromagnetic waves with the same frequency as the resonant 
frequencies of the conductor elements. A loss material is 
provided close to the element receiving means , and causes energy 
loss to electromagnetic waves that are received by the element 
receiving means . In other words , the energy of electromagnetic 
waves can be converted into thermal energy and absorbed. By 
using the element receiving means in this manner, it is possible 
to efficiently receive and absorb electromagnetic waves. 
Furthermore, not one type of conductor elements , but a plurality 
of types of conductor elements are provided. Thus, it is 
possible to efficiently receive and efficiently absorb 
electromagnetic waves taking advantage of the property of each 
element. It is possible to improve the absorption efficiency 
of electromagnetic waves in this manner, and thus a high ability 
to absorb electromagnetic waves can be obtained, an absorber 
can be made thinner and lighter, and the degree of freedom in 
selecting materials for the loss material is increased, so that 
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it is possible to obtain an electromagnetic wave absorber that 
is flexible and excellent in the strength and workability . The 
loss material may be a dielectric loss material or may be a 
magnetic loss material, or may be a combination obtained by 
laminating these loss materials. 

[0016] The electromagnetic wave absorber may have a 
configuration in which electromagnetic wave reflecting means 
made of a conductive material is provided on a surface portion 
opposite to the side from which electromagnetic waves income, 
or may be used in such a manner that the surface portion on 
the opposite side is in contact with a structure (functioning 
as a conductive reflecting layer) made of a conductive material . 
The resonant frequencies of the conductor elements may be the 
same or different. When all of the resonant frequencies of 
the conductor elements are the same, it is possible to improve 
the absorption efficiency of electromagnetic waves with the 
same frequency as the resonant frequencies. Furthermore, when 
the resonant frequencies of the conductor elements are different 
from each other, for example, when the resonant frequency is 
different for each type of the conductor elements , it is possible 
to absorb electromagnetic waves with the plurality of 
frequencies , and thus absorption in a wide band can be realized . 
[0017] Herein, a difference between at least one embodiment 
of the invention and conventional techniques is described. 
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Radio wave absorbers using patterned layers in conventional 
techniques are based on absorption principles (1) conversion 
of radio waves into heat using an absorbing layer that causes 
dielectric loss or magnetic loss, and (2) extinction of radio 
waves due to an interference effect using the phase difference 
between radio waves that are reflected by a surface pattern 
and radio waves that are reflected by a conductive reflecting 
plate . 

[0018] In principle, it is a conventional design method in which 
the property of absorbing electromagnetic waves is exerted by 
forming an equivalent circuit with a model of a transmission 
line and letting the input impedance be close to 377 SI. Herein, 
the shape of a pattern is determined based on the assumption 
that since a foreign substance i.e. the pattern is on a surface 
on which electromagnetic waves are input, an effect is obtained 
that is the same as the effect of reducing the thickness of 
the absorber in the equivalent circuit. In this case, when 
the shape of the pattern is simple, modeling as an equivalent 
circuit is easy, but when the shape is complicated, it is 
theoretically difficult to form an equivalent circuit, and thus 
it is difficult to optimize the shape of the pattern. 
[0019] At least one embodiment of the invention is different 
from conventional techniques in that when determining the shape 
of the surface element , an optimi zation method based on a design 
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principle for receiving elements is used. More specifically, 
in at least one embodiment of the invention, not simply as a 
pattern, but as the shape with which elements operate as 
receiving elements that efficiently resonate with a 
predetermined frequency is designed, and when the receiving 
elements are used as conductor elements, it is possible to 
receive electromagnetic waves more efficiently. 
[0020] In the design of general-purpose receiving elements, 
in order to secure the directivity of receiving elements , except 
when a conductive reflecting layer close to a patch antenna 
is used, the receiving elements are generally designed as being 
in free space, and thus a material having a loss property is 
not used in the vicinity thereof, and a conductive reflecting 
layer is not provided close thereto. The reason for this is 
that in particular, when a conductive reflecting layer is 
provided close thereto, a capacitor with a large capacity is 
formed between the conductor elements and the conductive 
reflecting layer, and this capacitor exerts an influence on 
the resonant frequency, and it is very difficult to eliminate 
this influence. 

[0021] On the other hand, when the electromagnetic wave absorber 
is not provided with a conductive reflecting layer, in a case 
where the radio wave absorbing member is disposed (laminated) 
on building interior materials for example, the influence of 
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a difference in the dielectric constant between the building 
interior materials such as a ceiling material , a wall material , 
anda screen changes the resonant frequency . More specifically, 
the resonant frequency of the receiving elements is changed 
at each arrangement location, and thus the electromagnetic wave 
absorber cannot be used as an electromagnetic wave absorber 
corresponding to the frequency that was assumed at the time 
of designing. Thus, as described above, it is preferable that 
the electromagnetic wave absorber has a configuration in which 
electromagnetic wave reflecting means made of a conductive 
material is provided on a surface portion opposite to the side 
from which electromagnetic waves income, or is used in such 
a manner that the surface portion on the opposite side is in 
contact with a structure ( functioning as a conductive reflecting 
layer) made of a conductive material. Accordingly, it is 
possible to secure a stable resonant frequency. More 
specifically, in at least one embodiment of the invention, 
conductor elements are formed on the assumption that a conductive 
reflecting layer is provided in this manner. 

[0022] It is the design method of at least one embodiment of 
the invention that when it is intended to make the 
electromagnetic wave absorber thinner, under the conditions 
that the conductor elements and the conductive reflecting layer 
are closer to each other, and that a loss material corresponding 
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to a speci f ic frequency such that electromagnetic waves received 
by the conductor elements are converted into heat is provided 
close to the conductor elements, the optimization as receiving 
elements is designed in consideration of the influence thereof . 
[0023] In the configuration of the electromagnetic wave 
absorber of at least one embodiment of the invention, a 
(magnetic) loss material layer can be made thinner to the extent 
possible, based on theoretical basis below and supporting 
experiments illustrating the theoretical basis shown in 
examples below. 

[0024 ] As described in Background Art , a large number of methods 
for realizing the property of absorbing electromagnetic waves 
by providing conductor elements of various shapes in a (magnetic ) 
loss material (electromagnetic wave absorber) have been 
conventionally proposed. 

[0025] On the other hand, in at least one embodiment of the 
invention, an in-depth research was conducted using the FDTD 
analysis method on the input impedance property with which the 
electromagnetic wave absorber with the configuration of at least 
one embodiment of the invention may be realized, among a number 
of conceivable shapes of conductor elements, and a new 
configuration of conductor elements that is totally different 
from conventional configurations was found in which based on 
the correlationbetween the surf ace of a (magnetic) loss material 
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layer and conductor elements provided on the rear face thereof, 
it is possible to make the absorber thinner even when using 
a magnetic material having an ordinary permeability property 
as the (magnetic) loss material. More specifically, in the 
electromagnetic wave absorber of this configuration, conductor 
elements as cross conductor elements and quadrangular conductor 
elements are cyclically arranged with a predetermined spacing 
interposed therebetween, and are attached to the surface of 
the electromagnetic wave absorber on the side from which 
electromagnetic waves income, conductor elements with the same 
or different shape from that of the conductor elements on the 
surface are attached to the back face of the (magnetic) loss 
material, and the (magnetic) loss material is made thinner to 
the extent possible. 

[0026] In the above-described configuration of at least one 
embodiment of the invention, as the size of the conductor 
elements is increased, in the input admittance of the 
electromagnetic wave absorber from the side from which 
electromagnetic waves income, the susceptance component of the 
admittance is increased, and the matching frequency is shifted 
toward a lower frequency . As shown in the results , it is possible 
to make the electromagnetic wave absorber thin. However, in 
the technique of at least one embodiment of the invention, the 
(magnetic) loss material can be thinner than in conventional 
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techniques, that is, can be thinner to the extent possible using 
following means. 

[0027] Hereinafter, the configuration principle of the 
electromagnetic wave absorber based on the configuration of 
conductor elements of at least one embodiment of the invention 
is described taking as an example a configuration in which 
conventional conductor elements made only of cross-shaped 
portions are attached to the surface and square conductor 
patterns are attached to the back face thereof. In the case 
of the cross conductor elements only, as the size of the conductor 
elements is increased, in the change in the input admittance 
of the electromagnetic wave absorber from the side from which 
electromagnetic waves income shown on the Smith chart, the rate 
of increase in the susceptance component is large . Furthermore , 
as the frequency is changed toward a higher frequency in this 
case, the conductance tends to be increased with respect to 
a circle with a conductance of 1. On the other hand, in the 
configuration of at least one embodiment of the invention in 
which cross conductor elements and quadrangular conductor 
elements are provided, even when these conductor elements are 
enlarged at the same time, the rate of change in the susceptance 
component of the input admittance is smaller than in the 
cross-shaped structure, that is, other conductor elements. 
Furthermore, the rate of increase in the conductance component 
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with respect to a circle with a conductance of 1 is small with 
respect to change in the frequency toward a higher frequency. 
More specifically, in the case of at least one embodiment of 
the invention, with respect to the change in the frequency toward 
a higher frequency, the conductance is stable without 
significantly deviating from the circumference with the 
normalized conductance 1. This stability itself in staying 
on the circumference with a conductance of 1 serves as the basis 
for enabling the (magnetic) loss material to be thinner in the 
configuration of conductor elements of at least one embodiment 
of the invention. 

[0028] In this manner, after securing the stability of the 
conductance, as one means for adjusting the susceptance in this 
case, the size of the conductor elements that are attached to 
the back face of the (magnetic) loss material is adjusted and 
the shape of the conductor elements is selected. More 
specifically, in order to attain the matching at a lower 
frequency, the amount of the susceptance increased by increasing 
the size of the conductor elements is reduced by the conductor 
elements that are attached to the back face of the (magnetic) 
loss material. In other words, the conductor elements that 
are attached to the back face of the (magnetic) loss material 
play a role to adjust so as to attain the matching at a low 
frequency by restoring the amount of the susceptance on the 
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circumference with a conductance of 1 increased as the frequency 
becomes higher. Accordingly, when it is not necessary to 
control the susceptance, the conductor elements on the back 
face of the (magnetic) loss material are not always necessary. 
[0029] Furthermore, by forming corner portions in the shape 
of arcs, it is possible to improve the absorption efficiency 
of electromagnetic waves with the same frequency as the 
corresponding resonant frequencies. Accordingly, it is 
possible to realize the electromagnetic wave absorber that is 
thin and has a high absorption efficiency. 

[0030] Furthermore, in at least one embodiment of the invention, 
it is preferable that the conductor elements are arranged also 
in the incoming direction of electromagnetic waves, in addition 
to the direction intersecting the incoming direction of 
electromagnetic waves . 

[0031] According to at least one embodiment of the invention, 
the conductor elements are arranged also in the incoming 
direction of electromagnetic waves. Since the conductor 
elements are arranged three-dimensionally, that is, sterically 
in this manner, the electrostatic capacity in the 
electromagnetic wave absorber is increased, so that the apparent 
dielectric constant can be increased. Accordingly, the 
resonant frequencies of the conductor elements can be shifted 
toward a lower frequency, and as a result, the total thickness 
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of the electromagnetic wave absorber can be further reduced. 
More specifically, in the electromagnetic wave absorber, there 
is a correlation between frequency and thickness in that as 
electromagnetic waves that are to be absorbed come to have a 
lower frequency ( longer wave length) , it is necessary to increase 
the thickness. On the other hand, in at least one embodiment 
of the invention, the resonant frequencies can be shifted toward 
a lower frequency, and thus it is possible to absorb 
electromagnetic waves with a low frequency while keeping the 
total thickness small. The three-dimensional arrangement of 
the conductor elements is one specific means for obtaining an 
effect of lowering the resonant frequencies of the conductor 
elements . 

[0032] Furthermore, in at least one embodiment of the invention, 
it is preferable that the electromagnetic wave absorber further 
comprises electromagnetic wave reflecting means for reflecting 
electromagnetic waves, disposed on a side opposite to a side 
from which electromagnetic waves income with respect to the 
element receiving means. 

[0033] According to at least one embodiment of the invention, 
a conductive reflecting layer is provided. Thus, the resonant 
frequencies of the conductor elements are prevented from being 
changed by the influence of a location at which the 
electromagnetic wave absorber is disposed. For example, even 



18 



New PCT National Phase Application 
Docket No. 2 691-000055 /US 

when the electromagnetic wave absorber is provided in a building 
interior material, it is possible to prevent the resonant 
frequencies of the conductor elements from being changed by 
the influence of factors such as the dielectric constant of 
the interior material . 

[0034] Furthermore, in at least one embodiment of the invention, 
it is preferable that a conductivity of the conductor elements 
is at least 10,000 S/m. 

[0035] According to at least one embodiment of the invention, 
it is possible to increase the conductivity of the conductor 
elements and to improve the receiving efficiency. As the 
conductor elements, various materials such as metal and 
conductive ink can be used, but there is a limitation regarding 
the conductivity. When the conductivity is less than 1,000 
S/m, a function as the conductor elements in at least one 
embodiment of the invention cannot be obtained. 
[0036] Furthermore, in at least one embodiment of the invention, 
it is preferable that the conductor elements are made of metal. 
[0037] According to at least one embodiment of the invention, 
the conductor elements are made of metal. It is impossible 
to stably attain a conductivity of at least 10 , 000 S/m described 
above in conductive ink made of carbon or black lead. Thus, 
the conductor elements made of metal are most preferable. 
[0038] Furthermore, in at least one embodiment of the invention, 
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it is preferable that the electromagnetic wave absorber is formed 
in the shape of a sheet having a thickness of at least 0.1 mm 
and at most 4 mm. 

[0039] According to at least one embodiment of the invention, 
the thickness is at least 0.1 mm and at most 4 mm. When the 
thickness is more than 4 mm, there is a problem in making the 
absorber thinner and lighter, and the flexibility is lowered. 
When the thickness is less than 0 . 1 mm, the strength is lowered. 
On the other hand, when the thickness is at least 0.1 mm and 
at most 4 mm, it is possible to realize the electromagnetic 
wave absorber that is thin, light, highly flexible , and excellent 
in the strength. Accordingly, it is possible to realize the 
electromagnetic wave absorber that can be easily handled, is 
excellent in the workability , and has less limitation regarding 
the arrangement location. 

[0040] Furthermore, in at least one embodiment of the invention, 
it is preferable that the electromagnetic wave absorber is formed 
in the shape of a sheet having a mass per unit area of at least 
0.2 kg/m 2 and at most 5 kg/m 2 . 

[0041] According to at least one embodiment of the invention, 
the mass is at least 0.2 kg/m 2 and at most 5 kg/m 2 . When the 
mass is more than 5 kg/m 2 , there is a problem in making the 
absorber thinner and lighter, and the thickness is increased 
and the flexibility is lowered. When the mass is less than 
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0 . 2 kg/m 2 , the thickness is so small that the strength is lowered. 
On the other hand, when the mass is at least 0.2 kg/m 2 and at 
most 5 kg/m 2 , it is possible to realize the electromagnetic 
wave absorber that is thin, light, highly flexible , and excellent 
in the strength. Accordingly, it is possible to realize the 
electromagnetic wave absorber that can be easily handled, is 
excellent in the workability, and has less limitation regarding 
the arrangement location. 

[0042] Furthermore, in at least one embodiment of the invention, 
it is preferable that among the plurality of types of the 
conductor elements, one type of the conductor elements are cross 
conductor elements that are formed in the shape of crosses, 
and another type of the conductor elements are quadrangular 
conductor elements that are formed in the shape of planes, 

the cross conductor elements and the quadrangular 
conductor elements are arranged in the direction intersecting 
the incoming direction of electromagnetic waves, 

the cross conductor elements are arranged in a regular 
manner in the direction intersecting the incoming direction 
of electromagnetic waves, and 

the quadrangular conductor elements are arranged in areas 
surrounded by the cross conductor elements so as to fill in 
the areas . 

[0043] According to at least one embodiment of the invention, 
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cross conductor elements that are formed in the shape of crosses 
and that are arranged in a regular manner with a spacing 
interposed therebetween, and quadrangular conductor elements 
that are arranged away from the cross conductor elements in 
areas surrounded by the cross conductor elements and that are 
provided so as to fill in the areas surrounded by the cross 
conductor elements are provided. The length of the elements 
is optimized such that the cross conductor elements resonate 
with electromagnetic waves that are to be absorbed. The outer 
peripheral length of the quadrangular conductor elements is 
optimized such that the quadrangular conductor elements 
resonate with electromagnetic waves that are to be absorbed. 
In this manner, it is possible to realize the element receiving 
means for efficiently absorbing electromagnetic waves. 
[0044] Both the cross conductor elements and the quadrangular 
conductor elements are resonant receiving elements, and 
resonate in a basic mode and in a higher mode . Di f f erent resonant 
modes of the conductor elements are also included in the 
different receiving operations of at least one embodiment of 
the invention. The cross conductor elements are formed in the 
shape of crosses, but a similar effect can be obtained even 
in the shape in which the configuration is divided into lines, 
and the independent lines are arranged. The receiving elements 
that are combined with the cross conductor elements are not 
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limited to quadrangular elements, and loop-shaped elements and 
the like can be also used. 

[0045] Furthermore, in at least one embodiment of the invention, 
it is preferable that the cross conductor elements are arranged 
such that radially extending portions are faced with each other, 
and the quadrangular elements are formed in the shape 
corresponding to the areas surrounded by the cross conductor 
elements . 

[0046] According to at least one embodiment of the invention, 
the cross conductor elements are arranged such that radially 
extending portions are faced with each other, and the 
quadrangular elements are formed in the shape corresponding 
to the areas surrounded by the cross conductor elements. This 
arrangement provides an optimum (high) receiving efficiency 
in the combination of the cross conductor elements and the 
quadrangular conductor elements. Accordingly, it is possible 
to realize the electromagnetic wave absorber with a high 
receiving efficiency . 

[0047] Furthermore, in at least one embodiment of the invention, 
it is preferable that a size of a spacing between the conductor 
elements is determined so as to lower the resonant frequencies 
of the conductor elements. 

[0048] According to at least one embodiment of the invention, 
the resonant frequencies of the conductor elements can be shifted 
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toward a lower frequency. Thus, it is possible to absorb 
electromagnetic waves with a low frequency while keeping the 
total thickness small. Accordingly, it is possible to make 
the electromagnetic wave absorber thinner. This is more 
specific means for obtaining an effect of lowering the resonant 
frequencies of the conductor elements. 

[0049] Furthermore, in at least one embodiment of the invention, 
it is preferable that a property value of the loss material 
is determined based on the resonant frequencies of the conductor 
elements so as to improve the absorption efficiency of 
electromagnetic waves with the same frequency as the resonant 
frequencies . 

[0050] According to at least one embodiment of the invention, 
it is possible to obtain the electromagnetic wave absorber with 
a high absorption efficiency of electromagnetic waves. 
[0051] Furthermore, in at least one embodiment of the invention, 
it is preferable that the electromagnetic wave absorber is made 
flame resistant, quasi-incombustibile , or incombustibile . 
[0052] According to at least one embodiment of the invention, 
flame resistance, quasi-incombustibili ty , or incombustibility 
can be attained. When the absorber is used in or laminated 
onan architectural interior material , it is necessary to satisfy 
at the same time flame resistance, quasi-incombustibili ty, or 
incombustibility required for the architectural interior 
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material. With this aspect, the absorber can be preferably 
used in or laminated on the building interior material. The 
flame resistance, the quasi-incombustibility , or the 
incombustibility may be provided by adding a flame retardant 
or a flame retardant assistant, for example. 

[0053] Furthermore, at least one embodiment of the invention 
is directed to a method for absorbing electromagnetic waves 
by using the electromagnetic wave absorber. 

[0054] According to at least one embodiment of the invention, 
it is possible to absorb electromagnetic waves at a high 
absorption efficiency using the electromagnetic wave absorber . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0055] Other and further objects, features, and advantages of 
embodiments of the invention will be more explicit from the 
following detailed description taken with reference to the 
drawings wherein: 

FIG. 1 is a front view of an electromagnetic wave absorber 
1 that is an embodiment of the invention. 

FIG. 2 is a perspective view showing a first conductor 
element layer 6 constituting the electromagnetic wave absorber 
1 . 

FIG. 3 is a perspective view showing an enlarged portion 
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of the first conductor element layer 6. 

FIG. 4 is a front view of a second conductor element layer 
4 constituting the electromagnetic wave absorber 1. 

FIG. 5 is a perspective view showing an enlarged portion 
of the second conductor element layer 4. 

FIG. 6 is a graph showing the relationship (calculated 
values) between a difference in the conductivity and the ability 
to absorb electromagnetic waves of a conductor element. 

FIG. 7 is a graph showing the relationship (calculated 
values) between the positional relationship and the ability 
to absorb electromagnetic waves of two types of conductor 
elements. 

FIG. 8 is a front view showing conductor elements 3 0 and 
31 in another embodiment. 

FIG. 9 is a front view showing the conductor elements 
3 0 and 31 in another embodiment of the invention. 

FIG. 10 is a front view showing the conductor elements 
3 0 and 31 in another embodiment of the invention. 

FIG. 11 is a graph showing the relationship (calculated 
values) between the shape and the ability to absorb 
electromagnetic waves of a conductor element. 

FIG. 12 is a graph showing the relationship (calculated 
values) between the curvature radius of a corner portion and 
the ability to absorb electromagnetic waves of a conductor 

26 



New PCT National Phase Application 
Docket No. 2 691-000055 /US 

element . 

FIG. 13 is a graph showing the relationship (calculated 
values) between a length a2x, a2y of a shaped portion 14, 15 
and the ability to absorb electromagnetic waves of a cross 
conductor element 30. 

FIG. 14 is a front view showing the conductor elements 
3 0 and 31 in another embodiment of the invention. 

FIG. 15 is a graph showing the property of absorbing 
electromagnetic waves (calculated values) of the 
electromagnetic wave absorber 1 in Example 1. 

FIG. 16 shows graphs of the property of absorbing 
electromagnetic waves (measured values ) of the electromagnetic 
wave absorber 1 in Example 1 . 

FIG. 17 is a graph showing the property of absorbing 
electromagnetic waves (measured values ) of the electromagnetic 
wave absorber 1 in Example 2 . 

FIG. 18 is a graph showing the property of absorbing 
electromagnetic waves (measured values ) of the electromagnetic 
wave absorber 1 in Example 3 . 

FIG. 19 is a graph showing the property of absorbing 
electromagnetic waves (calculated values) of the 
electromagnetic wave absorber 1 in Example 4. 

FIG. 2 0 is a graph showing the property of absorbing 
electromagnetic waves (measured values ) of the electromagnetic 
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wave absorber 1 in Comparative Example 1 . 

DETAILED DESCRIPTION OF THE EXAMPLE EMBODIMENTS 

[0056] Now referring to the drawings, example embodiments of 
the invention are described below. 

[0057] Hereinafter, example embodiments of an electromagnetic 
wave absorber according to the invention are described with 
reference to the appended drawings . FIG . 1 is a cross-sectional 
view of an electromagnetic wave absorber 1 that is an embodiment 
of the invention. The electromagnetic wave absorber 1 is 
configured by laminating a first conductor element layer 6, 
a first loss material layer 5, and an electromagnetic wave 
reflecting plate 2 that is an electromagnetic wave reflecting 
layer in this order from the side from which electromagnetic 
waves income, which is on the upper side in FIG. 1 that is one 
side in the thickness direction ( laminating direction) . A first 
conductor element group 12 including two types of a plurality 
of conductor elements 3 0 and 31 made of metal is formed in the 
first conductor element layer 6 as described below, and it is 
possible to reduce the thickness of the electromagnetic wave 
absorber 1 by optimizing the correlation between the conductor 
elements 3 0 and 31, thereby making the first loss material layer 
5 thin. A surface layer 7 that does not reflect electromagnetic 
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waves may be further formed on the first conductor element layer 
6 on the side (upper side in FIG. 1) from which electromagnetic 
waves income. 

[0058] The electromagnetic wave absorber 1 further has a second 
conductor element layer 4 and a second loss material layer 3 . 
The layers 2 to 6 are laminated in the order of the first conductor 
element layer 6, the first loss material layer 5, the second 
conductor element layer 4, the second loss material layer 3, 
and the electromagnetic wave reflecting plate 2 from the side 
from which electromagnetic waves income, and the 
electromagnetic wave absorber 1 is configured by this laminated 
structure. A second conductor element group 18 including a 
plurality of conductor elements 19 made of metal described below 
is formed in the second conductor element layer 4 . It is possible 
to reduce the thickness of the electromagnetic wave absorber 
1 by optimizing the correlation between the conductor elements 
19, 30, and 31, thereby making not only the first loss material 
layer 5 but also the second loss material layer 3 thin. 

[0059] The first and second loss material layers 3 and 5 are 
loss materials that cause energy loss to electromagnetic waves . 
Both of the layers may be loss materials having the dielectric 
property (hereinafter, may be referred to as "dielectric loss 
materials") or may be magnetic loss materials . Alternatively, 
one of the layers may be a loss material having the dielectric 
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property and the other may be a magnetic loss material . In 
this embodiment, the first loss material layer 5 is a magnetic 
loss material and the second loss material layer 3 is a loss 
material having the dielectric property. 

[0060] In another embodiment of the invention, a configuration 
may be applied in which an electromagnetic wave absorber does 
not include the electromagnetic wave reflecting plate 2 in the 
embodiment shown in FIG. 1, and this electromagnetic wave 
absorber not including the electromagnetic wave reflecting 
plate 2 is disposed such that a surface portion of the second 
loss material layer 3 on the side (lower side in FIG. 1) opposite 
to the side (upper side in FIG. 1) from which electromagnetic 
waves income is disposed on a face of a material having the 
property of blocking electromagnetic waves. The material 
having the property of blocking electromagnetic waves may have 
a similar configuration to that of, for example, the conductive 
reflecting plate 2, or may be realized as a metal plate and 
the like. This embodiment achieves a similar effect to that 
of the configuration in which the conductive reflecting plate 
2 is provided. 

[0061] FIG. 2 isa front view showing the first conductor element 
layer 6 constituting the electromagnetic wave absorber 1 that 
is an embodiment of the invention shown in FIG. 1. FIG. 3 is 
a perspective view showing an enlarged portion of the first 
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conductor element layer 6 in the embodiment shown in FIGS. 1 
and 2. In the first conductor element layer 6, the first 
conductor element group 12 made of metal is formed on a surface 
of a plate-shaped base material 11 on the side from which 
electromagnetic waves income. The plate-shaped base material 
11 is constituted by a dielectric that is a synthetic resin, 
for example, and this plate-shaped base material 11 also is 
a loss material having the dielectric property. The first 
conductor element group 12 has the cross conductor element 
(hereinafter, may be referred to as a "cross element") 30 and 
the quadrangular conductor element (hereinafter, may be 
referred to as a "quadrangular element") 31. 

[0062] The cross element 30 is formed in the shape of a cross, 
and a plurality of cross elements 3 0 are provided with spacings 
(hereinafter, referred to as "cross element spacings") c2x and 
c2y interposed therebetween. More specifically, the cross 
elements 3 0 are arranged such that radially extending portions 
32 are faced with each other, and that the cross element spacings 
c2x and c2y are interposed between the radially extending 
portions 32 that are faced with each other. More specifically, 
in this embodiment, for example, the cross elements 3 0 may be 
formed in the shape of crosses radially extending in the 
x-direction and the y-direction that are perpendicular to each 
other and may be regularly arranged in a matrix with the cross 
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element spacing c2x interposed in the x-direction and the cross 
element spacing c2y interposed in the y-direction. 
[0063] The cross element 3 0 has a shape in which a 
rectangular-shaped portion 14 that is long in the x-direction 
and a rectangular-shaped portion 15 that is long in the 
y-direction are overlapped at the centroids of the shaped 
portions 14 and 15 and intersect each other at right angles 
at an intersection portion 16. The shaped portions 14 and 15 
are displaced from each other by 90 degrees around a 
perpendicular axis at the intersection portion 16, and have 
the same shape. Widths aly and alx of the shaped portions 14 
and 15 are equivalent to each other, and are 2 . 5 mm, for example . 
Lengths a2xanda2y of the shaped portions 14 and 15 are equivalent 
to each other, and are 16 mm, for example. Regarding the cross 
element spacings of the cross conductor elements 30, the spacing 
c2x in the x-direction and the spacing c2y in the y-direction 
are equivalent to each other, and are 1.0 mm, for example. 
[0064] The quadrangular conductor element 31 is disposed in 
an area surrounded by the cross conductor elements 3 0 with 
spacings (hereinafter, referred to as "radial quadrangle 
spacings") clx and cly from the cross conductor elements 30, 
and disposed so as to fill in the area surrounded by the cross 
conductor elements 30. More specifically, the quadrangular 
conductor element 31 is formed in the shape corresponding to 
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the area surrounded by the cross patterned portions. More 
specifically, in this embodiment, for example, the cross 
conductor element portion 3 0 is in the f ormof a cross as described 
above, an area surrounded by the cross conductor elements 3 0 
is rectangular, and the shape corresponding thereto, that is, 
the shape in which the radial quadrangle spacings clx and cly 
are constant throughout the entire periphery is formed. When 
the shaped portions 14 and 15 are in the same shape as described 
above, the area surrounded by the cross conductor elements 30 
is a square, and the quadrangular conductor element 31 is a 
square. The quadrangular conductor element 31 is disposed such 
that the rim portions thereof extend in the x-direction and 
the y-direction. 

[0065] Regarding the quadrangular conductor element 31, a size 
blx in the x-direction and a size bly in the y-direction are 
equivalent to each other, and are 12.5 mm, for example. 
Regarding the radial quadrangle spacings between the cross 
conductor element 3 0 and the quadrangular conductor element 
31, the spacing clx in the x-direction and the spacing cly in 
the y-direction are equivalent to each other, and are 1.0 mm, 
for example. 

[0066] The cross element 3 0 is polygonal, and corner portions 
80 of both end portions of the shaped portions 14 and 15, and 
corner portions 81 of the intersection portion 16 are formed 
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to be sharp, that is, to be angled and edged. Furthermore, 
the quadrangular element 31 is polygonal , specifically, square, 
and corner portions 82 are formed to be sharp, that is, to be 
angled and edged. In this manner, all of the corner portions 
80, 81, and 82 of the conductor elements 30 and 31 are formed 
to be angled and edged. 

[0067] FIG. 4 is a front view of the second conductor element 
layer 4 constituting the electromagnetic wave absorber 1 in 
the embodiment shown in FIGS. 1 to 3 . FIG. 5 is a perspective 
view showing an enlarged portion of the second conductor element 
layer 4 shown in FIG. 4. The second conductor element layer 
4 includes the second conductor element group 18 made of metal 
that is formed on a surface of a plate-shaped base material 
17 on the side from which electromagnetic waves income. The 
plate-shaped base material 17 is constituted by a dielectric 
that is a synthetic resin, for example, and this plate-shaped 
base material 11 also is a loss material having the dielectric 
property. The second conductor element 18 is constituted by 
one type of the geometrical conductor elements (hereinafter, 
may be referred to as "intermediate conductor elements") 19 
that are regularly arranged in a matrix with spacings 
(hereinafter, referred to as "second conductor element 
spacings") dlx and dly interposed in the x-direction and the 
y-direction . 
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[0068] Each of the conductor element portions 19 made of metal 
is a square, and a length elx in the x-direction and a length 
ely in the y-direction are equivalent to each other, and are 
8.0 mm, for example. Furthermore, regarding the second 
conductor element spacings that are spacings between the shapes 
19 that are adjacent to each other in the x-direction and the 
y-direction, the spacing dlx in the x-direction and the spacing 
dly in the y-direction are equivalent to each other, and are 
9.0 mm, for example. 

[0069] The arrangement intervals (pitches) in the x-direction 
and the y-direction of the conductor elements 30 and 31 in the 
first conductor element group 12 are equivalent to the 
arrangement intervals (pitches) in the x-direction and the 
y-direction of the conductor elements 19 in the second conductor 
element group 18. The first conductor element layer 6 and the 
second conductor element layer 4 are arranged such that the 
centroids of the quadrangular conductor elements 31 of the first 
conductor element group 12 and the centroids of the conductor 
elements 19 of the second conductor element group 18 are at 
the same positions in the x-direction and the y-direction as 
indicated by a phantom line 70 in FIG. 3. 

[0070] The cross conductor elements 30 of the first conductor 
element group 12 are cross conductor elements, and the 
quadrangular conductor elements 31 of the first conductor 
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element group 12 and the intermediate conductor elements 19 
of the second conductor element group 18 are quadrangular 
conductor elements. In this manner, in the electromagnetic 
wave absorber 1, the plurality of conductor elements 19, 30, 
and 31 including the plurality of types of the conductor elements 
performing different receiving operations are arranged spaced 
away from each other, not only in the direction intersecting 
the incoming direction of electromagnetic waves , but also in 
the incoming direction of electromagnetic waves . The conductor 
elements 19, 30, and 31 constitute element receiving means 100. 
The loss materials 3, 5, 11, and 17 are provided close to the 
conductor elements 19, 30, and 31. 

[0071] In this manner, in the electromagnetic wave absorber 
1, the element receiving means 100 makes it possible to 
efficiently receive electromagnetic waves with the same 
frequency as the resonant frequencies of the conductor elements 
19, 30, and 31. The loss materials 3 , 5, 11, and 17 are provided 
close to this element receiving means 100, and cause energy 
loss to electromagnetic waves that are received by the element 
receiving means 100. In other words, the energy of 
electromagnetic waves can be converted into thermal energy and 
absorbed. By using the element receiving means 100 in this 
manner, it is possible to efficiently receive and absorb 
electromagnetic waves . Furthermore, not one type of conductor 
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elements, but a plurality of types of conductor elements, that 
is, cross-shaped and quadrangular conductor elements in this 
embodiment are provided, and thus it is possible to efficiently 
receive and efficiently absorb electromagnetic waves taking 
advantage of the property of each element. 

[0072] It is possible to improve the absorption efficiency of 
electromagnetic waves in this manner, and thus a high ability 
to absorb electromagnetic waves can be obtained, an absorber 
can be made thinner and lighter, and the degree of freedom in 
selecting materials for the loss materials is increased, so 
that it is possible to obtain the electromagnetic wave absorber 
that is flexible and excellent in the strength and workability . 
For example, in this embodiment, the electromagnetic wave 
absorber 1 is formed in the shape of a sheet in which the total 
thickness is 0.1 mm or more and 4 mm or less and the mass per 
unit area is 0.2 kg/m 2 or more and 5 kg/m 2 or less. 
[0073] FIG. 6 is a graph of the results (calculated values) 
of a simulation showing the relationship between a difference 
in the conductivity (a) and the ability to absorb electromagnetic 
waves of a conductor element. When the conductivity of a 
conductor element is increased, in a first stage, an effect 
of increasing the dielectric constant of a surface layer rather 
than a function as a receiving element is obtained. At a 
particular frequency, the matching is attained and the 
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absorption property is increased, but no effect is confirmed 
in lowering the absorption frequency. In this stage, the effect 
of making the absorber thinner is small . When the conductivity 
of the conductor element is increased, specifically, increased 
to 10,000 S/m or more, an effective function as a receiving 
element is obtained, and the frequency is lowered and a high 
absorption property is obtained. Generally, the absorption 
frequency tends to be shifted toward a lower frequency when 
the thickness of an electromagnetic wave absorber is increased, 
and the absorption frequency tends to be shifted toward a higher 
frequency when the thickness is reduced. More specifically, 
in order to make an absorber thin while fixing the absorption 
frequency, a factor other than the thickness is necessary, and 
it is preferable to use a material , such as the conductor elements 
of at least one embodiment of the invention, having an effect 
of lowering the frequency. 

[0074] In the conductor elements 19 and 31 , the outer peripheral 
length of the quadrangular receiving elements is optimized such 
that the receiving elements resonate with electromagnetic waves 
that are to be absorbed, and thus the sizes thereof described 
above are determined. Accordingly, the sizes are one example, 
and are determined, based on the frequency of electromagnetic 
waves that are to be absorbed, such that the frequency matches 
the resonant frequency. Furthermore, the spacings between the 
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conductor elements 19, 3 0 , and 31 are determined, based on the 
frequency of electromagnetic waves that are to be absorbed, 
such that the receiving efficiency is improved. Furthermore, 
the properties of the loss materials 3, 5, 11, and 17, 
specifically, the properties such as the complex relative 
dielectric constant, the complex relative permeability, and 
the thickness, which are based on the characteristics of the 
material, are determined, based on the frequency of 
electromagnetic waves that are to be absorbed, such that the 
receiving efficiency is improved. In this manner, the sizes 
of the conductor elements 19, 30, and 31 and the sizes of the 
spacings are determined, and the loss materials 3, 5, 11, and 
17 are configured, and thus it is possible to efficiently receive 
electromagnetic waves . 

[0075] At that time, all of the resonant frequencies of the 
conductor elements 19, 30, and 31 may be the same so that it 
is possible to receive electromagnetic waves with this frequency 
at an extremely high receiving efficiency. Alternatively, the 
resonant frequencies of the conductor elements 19, 30, and 31 
may be different from each other so that it is possible to absorb 
a wide band of electromagnetic waves. 

[0076] Furthermore, when the electromagnetic wave reflecting 
plate 2 is not provided, the electromagnetic wave absorber is 
disposed on a face of a material having the property of blocking 
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electromagnetic waves. Accordingly, it is possible to easily 
determine, that is, design the shape, the size, and the like 
of the element receiving means 100. Furthermore, in the 
configuration in which the electromagnetic wave reflecting 
plate 2 is used, it is possible to prevent the resonant 
frequencies of the conductor elements 19, 30, and 31 from being 
changed by the influence of a location at which the 
electromagnetic wave absorber 1 is disposed. For example, even 
when the electromagnetic wave absorber 1 is provided in a 
building interior material, it is possible to prevent the 
resonant frequencies of the conductor elements from being 
changed by the influence of factors such as the complex relative 
dielectric constant of the interior material . 
[0077] Furthermore, in the first conductor element group 12, 
the cross conductor elements 3 0 are arranged such that the 
radially extending portions are faced with each other as 
described above, and the quadrangular conductor elements 31 
are formed in the shape corresponding to the area surrounded 
by the cross conductor elements 30. This arrangement provides 
an optimum (high) receiving efficiency in the combination of 
the cross conductor elements 3 0 and the quadrangular conductor 
elements 31. Accordingly, it is possible to realize the 
electromagnetic wave absorber with a high receiving efficiency . 
Furthermore, the cross conductor elements 3 0 are arranged so 
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as to radially extend in the x-direction and the y-direction, 
and the quadrangular conductor elements 31 are arranged such 
that the rim portions thereof extend in the x-direction and 
the y-direction. Accordingly, it is possible to improve the 
receiving efficiency of electromagnetic waves that are 
polarized in the x-direction and the y-direction. 
[0078] FIG. 7 is a graph showing the relationship (calculated 
values) between the positional relationship and the ability 
to absorb electromagnetic waves of two types of conductor 
elements. In FIG. 7, the radial quadrangle spacings clx and 
cly are indicated by "A". As is clear in FIG. 7 , an effect 
of the positional relationship and an effect of the shape of 
the two types of the conductor elements 3 0 and 31 according 
to at least one embodiment of the invention are confirmed as 
below. Regarding the positional relationship, in a state where 
clx = cly, when clx is 0.5, 1.0, 1.5, and 2.0, as the elements 
move closer to each other, the absorption is comparatively 
reduced, but the absorption peak is shifted toward a lower 
frequency. This selection of the radial quadrangle spacings 
clx and cly can be used as a method for controlling the position 
of the absorption peak. Accordingly, it is possible to lower 
the absorption frequency while keeping the thickness of the 
electromagnetic wave absorber 1 small, by selecting the radial 
quadrangle spacings clx and cly. 
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[0079] FIG. 8 is a front view showing the conductor elements 
3 0 and 31 of the first conductor element layer in another 
embodiment of the invention . This embodiment and the embodiment 
shown in FIGS. 1 to 7 are similar to each other and have the 
same configuration, except that the shapes of the conductor 
elements 3 0 and 31 of the first conductor element layer are 
different, and thus the same symbols are used. In FIGS. 1 to 
7, the conductor elements 3 0 and 31 are polygonal , and the corner 
portions are formed to be sharp. However, the cross conductor 
element 3 0 and the quadrangular conductor element 31 in this 
embodiment are substantially polygonal, and at least one, 
specifically, all of the corner portions 80, 81, and 82 are 
formed in the shape of arcs with a curvature radius corresponding 
to the frequency of electromagnetic waves that are to be absorbed . 
This shape is also possible, and provides a similar effect as 
in the configuration in FIGS. 1 to 7 . 

[0080] FIG. 9 is a front view showing the conductor elements 
3 0 and 31 in another embodiment of the invention. This 
embodiment and the embodiment shown in FIGS. 1 to 7 are similar 
to each other and have the same configuration, except that the 
shapes of the conductor elements 30 and 31 of the first conductor 
element layer are different, and thus the same symbols are used. 
The cross element 3 0 and the quadrangular element 31 in this 
embodiment are substantially polygonal , and at least one corner 
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portion is formed in the shape of an arc with a curvature radius 
corresponding to the frequency of electromagnetic waves that 
are to be absorbed. 

[0081] More specifically, all of the corner portions 82 of the 
quadrangular element 31 are formed in the shape of arcs, and 
the corner portions 81 at the intersection portion between the 
shaped portions 14 and 15 of the cross element 3 0 are formed 
in the shape of arcs. A curvature radius R81 of the corner 
portions of the intersection portion 16 is the same as the amount 
of the shaped portions 14 and 15 pro j ecting from the intersection 
portion 16. The corner portions 80 of both end portions of 
the shaped portions 14 and 15 are formed to be sharp. More 
specifically, the cross element 30 is edged. This shape is 
also possible, and provides a similar effect as in the 
configuration in FIGS. 1 to 7 . 

[0082] FIG. 10 is a front view showing the conductor elements 
3 0 and 31 in another embodiment of the invention. This 
embodiment and the embodiment shown in FIGS. 1 to 7 are similar 
to each other and have the same configuration, except that the 
shapes of the conductor elements 3 0 and 31 of the first conductor 
element layer are different, and thus the same symbols are used. 
The cross element 3 0 and the quadrangular element 31 in this 
embodiment are in the shape similar to that shown in FIG. 10. 
In the configuration in FIG. 10, the corner portions 80 of both 
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end portions of the shaped portions 14 and 15 of the cross element 
3 0 are formed to be sharp, but in this embodiment, the corner 
portions are formed in the shape of arcs. Other configurations 
are the same . This shape is alsopossible, andprovides a similar 
effect as in the configuration in FIGS. 1 to 7 . 
[0083] FIG. 11 is a graph showing the relationship (calculated 
values) between the shape and the ability to absorb 
electromagnetic waves of a conductor element. FIG. 11 shows 
the property of absorbing electromagnetic waves in a case where 
only the corner portions 80 of both end portions of the shaped 
portions 14 and 15 of the cross element 3 0 are formed in the 
shape of arcs, and have different curvature radiuses R. As 
shown in FIG. 11, the effect of the shape of this conductor 
element is better when the curvature radius R of the corner 
portion 80 is 1.2 5 than when the shape is not provided with 
R (FIGS. 1 to 7) . It has been predicted that when the curvature 
is provided, the Q value is lowered and the absorption is reduced, 
but the opposite results are obtained. The reason for this 
is that resonating current paths become smooth, and thus the 
current continuously flows. It is possible to improve the 
absorption efficiency of electromagnetic waves by determining 
the corner portions of the conductor elements 3 0 and 31 in this 
manner based on the frequency of electromagnetic waves that 
are to be absorbed, in other words, the overall shape and size 
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of the conductor elements 30 and 31. Furthermore, as is clear 
in FIG. 9, the frequency of electromagnetic waves that are 
absorbed, that is, the absorption peak is changed depending 
on the curvature radius of the corner portion. Thus, it is 
possible to adjust the frequency that is absorbed, by selecting 
the curvature radius of the corner portion. 

[0084] FIG. 12 is a graph showing the relationship (calculated 
values) between the curvature radius of a corner portion and 
the ability to absorb electromagnetic waves of a conductor 
element . "Def ault " indicates the case of the conductor elements 

30 and 31 shown in FIGS . 1 to 7 in which all of the corner portions 

80 to 82 are formed to be sharp, that is, to be edged. "Without 
patterned edge" indicates a case in which all of the corner 
portions 80 to 82 are formed in the shape of arcs . "Wi thpatterned 
edge" indicates a case in which the corner portions 80 of both 
end portions of the shaped portions 14 and 15 of the cross 
conductor element 3 0 are edged and the other corner portions 

81 and 82 are formed in the shape of arcs. Furthermore, cases 
in which a curvature radius R82 of the corner portions 82 is 
1.25 mm and cases in which the curvature radius R82 of the corner 
portions 82 is maximum are shown. The curvature radius R82 
of the corner portions 82 in the quadrangular conductor element 

31 is determined depending on the curvature radius R81 of the 
corner portions 81 at the intersection portion 16 in the cross 
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conductor element 3 0 such that spacings from the cross conductor 
elements 3 0 are constant (equivalent to each other) . The 
maximum value of the curvature radius R81 of the corner portions 
81 at the intersection portion 16 in the cross conductor element 
3 0 is the amount of the shaped portions 14 and 15 projecting 
from the intersection portion 16. The value of the curvature 
radius R82 of the corner portions 82 in the quadrangular 
conductor element 31 in this case is the maximum value of the 
curvature radius R82 of the corner portions 82. As is clear 
also in FIG. 12, it is shown that the absorption efficiency 
of electromagnetic waves is higher when the corner portions 
8 0 to 82 are formed in the shape of arcs than when all of the 
corner portions 80 to 82 are edged as in the results in FIG. 
11. 

[0085] FIG. 13 is a graph showing the relationship (calculated 
values) between the length a2x, a2y of the shaped portion 14, 
15 and the ability to absorb electromagnetic waves of the cross 
conductor element 30. "Default", "Without patterned edge", 
and "With patterned edge" have the same meaning as that in FIG. 
12. "Length" refers to the length a2x, a2y of the shaped portion 
14, 15, and is expressed in the unit of mm. As is clear in 
FIG. 13, it is shown that when the corner portions 82 of the 
quadrangular conductor element 31 are formed in the shape of 
arcs, the absorption peak is shifted toward a higher frequency, 
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but the absorption efficiency can be improved. Furthermore, 
it is shown that as the length a2x, a2y of the shaped portion 
14, 15 becomes longer, the absorption peak is shifted toward 
a lower frequency. Moreover, it is shown that the absorption 
efficiency can be made higher when the corner portions 82 of 
the quadrangular conductor element 31 are formed in the shape 
of arcs and the frequency is lowered by increasing the lengths 
a2x and a2y of the shaped portions 14 and 15 so as to correct 
the amount of the absorption peak shifted herein toward a higher 
frequency, than when the corner portions 82 of the quadrangular 
conductor element 31 are edged. 

[0086] FIG. 14 is a front view showing the conductor elements 
3 0 and 31 in another embodiment of the invention. As another 
embodiment of the invention, for example, at least one of the 
quadrangular conductor element 31 and the intermediate 
conductor element 19 is angularly displaced with respect to 
the cross conductor element 3 0 such that the rim portions thereof 
extend in directions that are perpendicular to the x-direction 
and the y-direction. For example, in a configuration shown 
in FIG. 8 in which the corner portions 80 to 82 are formed in 
the shape of arcs, the quadrangular conductor element 31 may 
be disposed such that the rim portions thereof are inclined 
by 45 degrees with respect to the x-direction and the y-direction 
as shown in FIG. 14. Furthermore, in a configuration in which 
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the corner portions 80 to 82 are edged, the quadrangular 
conductor element 31 may be disposed such that the rim portions 
thereof are inclined by 45 degrees with respect to the 
x-direction and the y-direction as indicated by a phantom line 
71 in FIG . 3. In either case, it is possible to prevent the 
difference in the receiving efficiency from being caused by 
the direction of the polarization, by angularly displacing the 
quadrangular conductor element 31. 

[0087] Furthermore, in another embodiment of the invention, 
the flame resistance, the quasi-incombustibility , or the 
incombustibility is provided in the electromagnetic wave 
absorber by adding a flame retardant or a flame retardant 
assistant to the loss material layer 3, 5, for example. This 
electromagnetic wave absorber can be used preferably as a 
building interior material. 

[0088] There is no specific limitation regarding the flame 
retardant, and it is possible to use an appropriate amount of 
phosphorus compound, boron compound, bromine-based flame 
retardant, zinc-based flame retardant, nitrogen-based flame 
retardant, and hydroxide-based flame retardant, for example. 
Examples of the phosphorus compound include phosphate ester 
and titanium phosphate . Examples of the boron compound include 
zinc borate. Examples of the bromine-based flame retardant 
include hexabromobenzene , decabromobenzyl phenyl ether, 
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decabromobenzyl phenyl oxide, tetrabromobisphenol , and 
ammonium bromide . Examples of the zinc-based flame retardant 
include zinc carbonate, zinc oxide, and zinc borate. Examples 
of the nitrogen-based flame retardant include a triazine 
compound, a hindered amine compound, and melamine-based 
compounds such as melamine cyanurate and a melamine guanidine 
compound. Examples of the hydroxide-based flame retardant 
include magnesium hydroxide and aluminium hydroxide. 
[0089] Among the constituents of at least one embodiment of 
the invention, as the first loss layer 5, it is possible to 
use dielectric materials such as a polymer, a lumber, and a 
plaster material, that have the complex relative dielectric 
constant. When the real part of the relative dielectric 
constant is increased, the imaginary part of the relative 
dielectric constant is also increased, and thus the dielectric 
loss property is increased. As the dielectric loss material 
that is filled in a material such as a polymer in order to increase 
the complex relative dielectric constant, it is possible to 
use carbon black such as furnace black and channel black; 
conductive particles of stainless steel , copper, and aluminum, 
for example; graphite; carbonfiber; titanium oxide; barium 
titanate; and potassium titanate, for example. The dielectric 
loss material that is preferably used in at least one embodiment 
of the invention is carbon black, and in particular, carbon 



49 



New PCT National Phase Application 
Docket No. 2691-000055/US 

black with a specific surface area by nitrogen adsorption (ASTM 
(American Society for Testing and Materials) D3037-93) of 100 
to 1000 m 2 /g and a DBP oil absorption (ASTM D2414-96) of 100 
to 500 cm 3 /100 g is preferable. 

[0090] The DBP oil absorption refers to the absorption (unit: 
cm 3 / 100 g) of DBP (abbreviation for dibutyl phthalate) , which 
is one type of plasticizers . For example, IP1000 (product name, 
produced by SHOWA CABOT K.K. ) and Ket jenblack EC (product name, 
produced by LION AKZO CO., LTD.) are used. When the specific 
surface area by nitrogen adsorption is 100 m 2 /g or less, it 
is impossible to attain a sufficient complex relative dielectric 
constant . When the specific surface area by nitrogen adsorption 
is 1000 m 2 /g or more, the dispersibility of dielectric loss 
materials is significantly poor. When the DBP oil absorption 
is 100 cm 3 /100 g or less, it is impossible to attain a sufficient 
complex relative dielectric constant. When the DBP oil 
absorption is 500 cm 3 /100 g or more, the processability is 
significantly poor. 

[0091] When the imaginary part of the relative dielectric 
constant is increased, the conductivity comes to be exerted, 
and as a result, the ability to absorb electromagnetic waves 
is significantly impaired. There is a limitation in improving 
the dielectric loss effect, and thus optimization is performed 
in the relationship with the complex relative permeability. 
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[0092] A magnetic loss material may be used alone or in 
combination with a dielectric loss material for the first loss 
material layer 5 . In order to provide the magnetic loss property 
(to increase the imaginary part of the relative permeability) , 
a material such as a polymer , a plaster, and cement may be filled 
with a magnetic loss material. Examples of the magnetic loss 
material that is filled include particles of ferromagnetic 
materials such as ferrite, an iron alloy, pure iron, and iron 
oxide. The ferrite that is preferably used in at least one 
embodiment of the invention is Mn-Zn ferrite (specific gravity 
= 5) , which is a soft f errite-based material in which the cost 
is low and the complex relative permeability is high. The 
average particle size of the ferrite is preferably 0 . 1 to 100 
jxm, and more preferably 1 to 10 pun. When the average particle 
size is less than 0.1 \xm, the dispersibili ty is poor. When 
the average particle size is more than 100 fxm, the processability 
is poor. 

[0093] In at least one embodiment of the invention, the magnetic 
loss material described above was used, but there is no 
limitation to this, and magnetic loss materials of other types 
or shapes may be used, or may be used in combination with the 
magnetic loss material described above. 

[0094] The condition for providing the complex relative 
permeability in the first loss material layer 5 that is also 
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called an electromagnetic wave absorbing layer of at least one 
embodiment of the invention is to use the magnetic loss material . 
However, the magnetic loss material is heavy, and when a large 
amount of magnetic loss material is mixed, the weight of the 
electromagnetic wave absorber is significantly increased. 
Thus, a configuration may be applied in which the amount of 
the magnetic loss material added is made minimum and an 
appropriate amount of dielectric loss material is used in 
combination therewith. More specifically, in at least one 
embodiment of the invention, carbon black and Mn-Zn ferrite, 
and graphite and Mn-Zn ferrite are used in combination with 
each other. 

[0095] As the polymer material (vehicle) that is used for the 
first loss material layer 5, a synthetic resin, a rubber, and 
a thermoplastic elastomer are used. Examples thereof include 
polyolefine such as polyethylene, polypropylene, copolymers 
thereof, polybutadiene , and copolymers thereof ; thermoplastic 
resins or thermosetting resins such as polyvinyl chloride, 
polyvinyl acetate, an epoxy resin , and an ethylene- vinyl acetate 
copolymer; bitumen; and an electron beam or UV closslinking 
polymer . 

[0096] As the rubber, other than natural rubbers, various 
synthetic rubbers such as a styrene-butadiene rubber, an 
isoprene rubber, a butadiene rubber, an ethylene-propylene 
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rubber, a chloroprene rubber , anitrile rubber , an acrylic rubber , 
a chlorinated polyethylene rubber, a hydrogenated nitrile 
rubber, and a silicon rubber may be used alone or after being 
modified in various modification processes. 

[0097] As the thermoplastic elastomer, it is possible to use 
various types of thermoplastic elastomers such as chlorinated 
polyethylene, and polystyrene-based, polyolef ine-based, 
polyvinyl chloride-based, polyur ethane-based, 
polyester-based, and polyamide-based elastomers. 
[0098] These polymers may be used alone or in combination of 
a plurality of types. The resins and the thermoplastic 
elastomer materials may be used as resin compositions in which 
if necessary, a plasticizer, and a stabilizing agent, a filler 
for reinforcing, a fluidity improving agent, a flame retardant, 
and the like are added as appropriate . Other than a vulcanizing 
agent, it is possible to mix a vulcanization accelerator, an 
antioxidant, a softening agent, a plasticizer, a filler, a 
coloring agent, a flame retardant, and the like with the rubber 
material . 

[0099] The first loss material layer 5 may be made of a material 
such as a plaster material and a cement material other than 
the polymers, and it is also possible to select as appropriate 
a material with which a filler can be mixed. 

[00100] The amounts of the magnetic loss material and the 
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dielectric loss material mixed with the polymer material may 
be determined such that in a configuration in which the conductor 
element layer is provided, a high absorbing ability (high 
receiving efficiency) can be obtained at a desired specific 
frequency band. More specifically, when the amounts of the 
magnetic loss material and the dielectric loss material mixed 
\ are smaller than appropriate amounts, both the real part and 

the imaginary part of the complex relative dielectric constant 
and the complex relative permeability of the material are so 
low that the matching on the frequency of target electromagnetic 
waves cannot be attained even with the conductor element layers 
6 and 4 made of metal. On the contrary, when the amounts of 
the magnetic loss material and the dielectric loss material 
mixed are larger than appropriate amounts, both the real part 
and the imaginary part of the complex relative dielectric 
constant and the complex relative permeability of the material 
are so high that the matching on the frequency of target 
electromagnetic waves cannot be attained. When the 
electromagnetic wave absorber 1 that can absorb electromagnetic 
waves over a wide band is realized by adjusting the amounts 
mixed, it is possible to avoid the problem that the precision 
of the thickness is required to be high, and thus it is possible 
to produce the electromagnetic wave absorber 1 more easily. 
[00101] A similar loss material to that for the first loss 
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material layer 5 may be used also for the second loss material 
layer 3, and these loss materials may be the same or different. 
It is possible to use as usage, a dielectric material that is 
not conductive, such as paper and glass fabrics including a 
vinyl chloride resin, a melamine resin, a polyester resin, a 
urethane resin, a lumber, a plaster, cement, ceramics, a 
non-woven fabric, a resin foam, a heat insulating material, 
or flame-resistant paper. It would be appreciated that the 
dielectric loss material and the magnetic loss material may 
be mixed as appropriate. 

[00102] The electromagnetic wave reflecting plate 2 may 

be metal such as gold, platinum, silver, nickel, chromium, 
aluminum, copper, zinc, lead, tungsten, andiron; a resinmixture 
obtained by mixing powders of the metals or conductive carbon 
black with a resin; or a film of a conductive resin, for example . 
It is also possible to use a material obtained by processing 
the metals into a plate, a sheet, a film, a non-woven fabric, 
or a cloth, for example. A form may be also applied in which 
a metal foil and a glass fabric are combined. Furthermore, 
a configuration may be applied in which a metal layer with a 
film thickness of, for example, 600 A is formed on a synthetic 
resin film. Moreover, a configuration may be applied in which 
conductive ink (conductivity: 10,000 S/m or more) is applied 
to a substrate. 
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[00103] It is possible to form the first and second conductor 

elements made of metal of the conductor element layer 6 and 
the conductor element layer 4 using the above-described 
constituents of the electromagnetic wave reflecting plate 2 . 
The first and second conductor elements made of metal may be 
formed on a film by a method such as evaporation of aluminum, 
etching, screen printing, gravure printing, and inkjet. 
However, there is no limitation to these, and each element 
pattern of the first and second conductor element groups may 
be directly evaporated, printed or applied to the 
electromagnetic wave absorbing layer 5 or the dielectric layer 
3 without a film serving as a base material. 

[00104] Hereinafter, the results of experiments performed 

by the present inventor are described. 
Example 1 

[00105] The electromagnetic wave reflecting plate 2 is an 

aluminum- evaporated polyethylene terephthalate (PET) film, for 
example. As the second loss material layer 3, a polyethylene 
resin foam is used, in which the complex relative dielectric 
constant (real part) 6 is 1.25 (2.4 GHz) and the thickness is 
1 . 5 mm. As the first loss material layer 5 , 100 parts by weight 
of chloroprene rubber, 8 parts by weight of Ketjenblack EC 
(product name, produced by LION AKZO CO. , LTD. ) as a dielectric 
loss material, and 100 parts by weight of powder of ferrite 
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(product name: KNS-415, produced by TODA KOGYO CORP.) as a 
magnetic loss material are kneaded, and then vulcanized and 
molded into a sheet (thickness: 1 mm). 

[00106] At that time, the complex relative dielectric 

constant and the complex relative permeability of the vulcanized 
rubber sheet were measured by a coaxial cylinder method 

(S-parameter method) . Considering the results thereof and 
lamination conditions of the electromagnetic wave absorber 1, 
an optimum value condition for attaining the matching was 
obtained by an electromagnetic analysis. Based on the results 
of this calculation, the sizes of the conductor elements 12 
and 18 made of metal of the first conductor element layer 6 
and the second conductor element layer 4 were determined, and 
the conductor element layers 6 and 4 were fabricated. 

[00107] The first conductor element layer 6 was constituted 

by the base material 11 made of a polyethylene terephthalate 

(PET) film with a film thickness of 12 ^tm, and aluminum with 
a thickness of 600 A formed thereon. Regarding the sizes of 
the elements 3 0 and 31 of the first conductor element group 
12, the widths aly and alx of the shaped portions 14 and 15 
are 2.5 mm, and the cross element spacings c2x and c2y are 1 
mm. Thus, the first conductor element group 12 is formed with 
a spacing in which 1 mm is added to the length b2x, b2y of the 
shaped portion 14, 15. The sizes (sizes of one side) blx and 
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bly in the x-direction and the y-direction of the quadrangular 
conductor element 31 are 12.5 mm. The radial quadrangle 
spacings clx and cly are 1 mm. 

[00108] The first conductor element layer 6 was constituted 

by the base material 17 made of a polyethylene terephthalate 

(PET) film with a film thickness of 12 nm, and aluminum with 
a thickness of 600 A formed thereon. Regarding the second 
conductor element group 18, the sizes (sizes of one side) elx 
and ely in the x-direction and the y-direction of the conductor 
elements 19 arehalf the lengths a2xanda2y of the shaped portions 
14 and 15. The second conductor element group 18 is formed 
with a spacing in which 1 mm is added to the length b2x, b2y 
of the shaped portion 14, 15. During the lamination, the first 
conductor element group 12 and the second conductor element 
group 18 are laminated in the above-described arrangement. 

[00109] Furthermore, the electromagnetic wave absorber 1 

was configured by laminating the first conductor element layer 
6, the first loss material layer 5, the second conductor element 
layer 4, the second loss material layer 3 (PET), and the 
electromagnetic wave reflecting plate 2 in this order as shown 
in FIG. 1. The total thickness (excluding the surface 
dielectric layer 7) of the electromagnetic wave absorber 1 is 
approximately 2.5 mm. In this example, the surface layer 7 
with a thickness of 1 . 8 mm is provided and its complex relative 
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dielectric constant (real part) e is 4 (2.4 GHz). More 
specifically, in this example, the surface layer 7 is also a 
loss material . 

[00110] FIG . 15 is a graph showing the property of absorbing 

electromagnetic waves of the electromagnetic wave absorber 1 
in Example 1. In FIG. 9, the horizontal axis indicates the 
frequency of electromagnetic waves and the vertical axis 
indicates the reflection property illustrating the absorbing 
ability of electromagnetic waves. FIG. 9 shows the results 
of a simulation (using electromagnetic analysis software 
Micro-stripes (registered trademark) ) in the case of vertical 
incidence when changing the length b2x, b2y of the shaped portion 
14, 15, and also changing items that depend on the length. In 
FIG. 9, the lengths b2x and b2y of the shaped portions 14 and 
15 are equivalent to each other and thus indicated by "b2". 
[00111] As shown in the results, while the total thickness 

of the electromagnetic wave absorber 1 is reduced to 
approximately 2.5 mm, it is possible to obtain the 
electromagnetic wave absorber 1 with an absorption property 
of 15 dB or more, in other words, with a reflection coefficient 
of -15 dB or less in the case of vertical incidence. 
[00112] FIGS. 16(1) and 16 (2) are graphs showing the results 

of a measurement using a free space method. The ability to 
absorb electromagnetic waves is based on the free space method. 
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The free space method is a method for obtaining the complex 
relative dielectric constant and the complex relative 
permeability of a material by irradiating the electromagnetic 
wave absorber 1 that is a measurement sample placed in a free 
space with plane waves, and by measuring the reflection 
coefficient and the transmission coefficient at the time while 
changing the frequency, the incident angle, and the polalization . 
The absorption of electromagnetic waves of the electromagnetic 
wave absorber 1 is calculated based on the thus obtained complex 
relative dielectric constant and complex relative permeability . 
At that time, the measurement is performed at TE waves and TM 
waves. The equipment used herein was a network analyzer 
(product name: HP8722D, produced by Agilent Technologies) . A 
double-ridged antenna was used as an antenna. The sizes of 
sides of rectangular materials serving as the measurement sample 
that is a radio wave absorber are 500 x 500 (mm) and 1000 x 
1000 (mm) . 

[00113] When the element receiving means 100 having the 

first conductor element group 12 including the cross conductor 
element 3 0 and the quadrangular conductor element 31, in other 
words, the first conductor element layer 6 having the first 
conductor element group 12 was provided in this manner, the 
total thickness of the electromagnetic wave absorber 1 for the 
2 .4 GHz band was reduced to approximately 2 . 5 mm, although the 
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total thickness could not be 4 mm or less in order to achieve 
an absorption property of 15 dB or more (vertical incidence) 
with patterns of conventional techniques (JP-A 06-164184, 
Japanese Patent No. 3076473 (JP-A 06-244583) , Japanese Patent 
No. 3209456 (JP-A 06-140787) , Japanese Patent No . 3209453 (JP-A 
06-45782) , JP-A06-252582, JP-A 06-224568 , JP-A 09-148782 , JP-A 
10-224075, JP-A 11-204984, JP-A 11-195890, and JP-A 
2003-243876) , patterns made only of cross-shaped portions and 
patterns made only of closed loops (□) . 

[00114] It is clear that the electromagnetic wave absorber 

1 achieves an absorption property of 10 dB or more also with 
respect to the frequency (2.4 GHz) used in wireless LANs, and 
thus the electromagnetic wave absorber 1 is useful. Moreover, 
the electromagnetic wave absorber 1 can be formed thin as 
described above , and the weight is as light as 3 . 6 kg/m 2 . Since 
the total thickness can be reduced, cutting on the spot with 
a simple tool is possible, and thus an excellent processability 
is attained. Furthermore, an excellent tear strength of 78 
N/mm (JIS K 6254) is attained. 
Example 2 

[00115] In the configuration of Example 2, the first 

conductor element layer 6 in which the shape of conductor 
elements is the same as that in Example 1 is used, and the second 
conductor element layer 4 is not used. FIG. 17 is a graph showing 
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the results obtained with the configuration without the second 
conductor element layer 4. The first loss material layer 5 
is constituted by two layers, including the layer closer to 
the first conductor element layer 6 that is 0 . 5 mm of PVC (vinyl 
chloride resin) to which ferrite and carbon black have been 
added, and 2 mm of PET to which ferrite has not been added, 
and the electromagnetic wave absorber 1 with a total thickness 
of 2 .5 mm is thus configured. In the PVC layer, the dielectric 
constant is 16 in the real part and 3 in the imaginary part 
(2.4 GHz), and the permeability is 1.43 in the real part and 
0 . 5 in the imaginary part (2.4 GHz). In the PET, the dielectric 
constant is 3.1 (2.4 GHz), and the permeability is 1 in the 
real part and 0 in the imaginary part (2.4 GHz). 
[00116] As shown in the results, while the total thickness 

of the electromagnetic wave absorber 1 is reduced to 
approximately 2.5 mm, it is possible to obtain the 
electromagnetic wave absorber 1 with an absorption property 
of 10 dB or more, in other words, with a reflection coefficient 
of -10 dB or less in the case of vertical incidence. 
[00117] The electromagnetic wave absorber 1 can be formed 

thin as described above , and the weight is as light as 3 . 3 kg/m 2 . 
Furthermore, cutting on the spot with a simple tool is possible, 
and thus an excellent processabili ty is attained. Furthermore, 
an excellent tear strength of 59 N/mm (JIS K 6254) is attained. 
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Example 3 

[00118] In the configuration of Example 3, the first 

conductor element layer 6 in which the shape of conductor 
elements is the same as that in Example 1 is used, and the second 
conductor element layer 4 is not used. FIG. 18 is a graph showing 
the results obtained with the configuration without the second 
conductor element layer 4. The first loss material layer 5 
is constituted by two layers, including the layer closer to 
the first conductor element layer 6 that is 0.5 mm of PVC (vinyl 
chloride resin) to which ferrite and carbon black have been 
added, and 1 mm of PVC to which ferrite has not been added, 
and the electromagnetic wave absorber 1 with a total thickness 
of 1.5 mm is thus configured. In the PVC layer, the dielectric 
constant is 16 in the real part and 3 in the imaginary part 
(2.4 GHz), and the permeability is 1 in the real part and 0 
in the imaginary part (2.4 GHz) . In the PET, the dielectric 
constant is 3 . 1 (2.4 GHz), and the permeability is 1 in the 
real part and 0 in the imaginary part (2.4 GHz). 
[00119] As shown in the results, while the total thickness 

of the electromagnetic wave absorber 1 is reduced to 
approximately 1.5 mm, it is possible to obtain the 
electromagnetic wave absorber 1 with an absorption property 
of 10 dB or more, in other words, with a reflection coefficient 
of -10 dB or less in the case of vertical incidence. 
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[00120] The electromagnetic wave absorber 1 can be formed 

thin as described above , and the weight is as light as 2 . 3 kg/m 2 . 
Furthermore, cutting on the spot with a simple tool is possible, 
and thus an excellent processabili ty is attained . Furthermore , 
an excellent tear strength of 53 N/mm (JIS K 6254) is attained. 
Example 4 

[00121] In the configuration of Example 4, the first 

conductor element layer 6 in which the shape of conductor 
elements is the same as that in Examples 1 and 2 is used, and 
the second conductor element layer 4 is not used. FIG. 19 is 
a graph showing the results of a simulation performed with the 
configuration without the second conductor element layer 4. 
The first loss material layer 5 is constituted by one layer 
that is 2 . 5 mm of EVA resin to which f errite has not been added, 
and the electromagnetic wave absorber 1 with a total thickness 
of 2.5 mm is thus configured. In the EVA resin, the dielectric 
constant is 2 . 5 (2.4GHz), and the permeability is 1 (2.4 GHz). 
[00122] As shown in the results, while the total thickness 

of the electromagnetic wave absorber 1 is reduced to 
approximately 2.5 mm, it is possible to obtain the 
electromagnetic wave absorber 1 with an absorption property 
of 10 dB or more, in other words, with a reflection coefficient 
of -10 dB or less in the case of vertical incidence. 
[00123] The electromagnetic wave absorber 1 can be formed 
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thin as described above, and the weight is as light as 2 . 9 kg/m 2 . 
Furthermore, cutting on the spot with a simple tool is possible, 
and thus an excellent processability is attained. Furthermore, 
an excellent tear strength of 56 N/mm (JIS K 6254) is attained. 

Comparative Example 1 
[00124] A pattern in a loop structure was used instead of 

the first conductor element layer 6. In loops (squares) , the 
size of one side of the outer peripheral portion is a5 = a6 
= 10 mm, the line width of shaped portions 24 and 25 that are 
conductor portions of the closed loop is b5 = b6 = 1 mm, and 
the spacing between the loops is c5 = c6 = 12 mm. Furthermore, 
the first loss material layer 5 is constituted by one layer, 
and 3 mm of magnetic rubber (fabricated by a process in which 
100 parts by weight of chloroprene rubber, 8 parts by weight 
of Ketjenblack EC (product name, produced by LION AKZO CO., 
LTD.) as a dielectric loss material, and 100 parts by weight 
of powder of ferrite (product name: KNS-415, produced by TODA 
KOGYO CORP. ) as a magnetic loss material are kneaded, and then 
vulcanized and molded into a sheet) is used. (In the magnetic 
rubber, the relative dielectric constant in the real part is 
14 and the relative dielectric constant in the imaginary part 
is 2, based on the coaxial cylinder method ( S-parameter method) . ) 
As the loss material layer 3 , a polyethylene foam with a thickness 
of 1.5 mm was used. 
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[00125] Although a high absorbing ability was observed (FIG . 

20) also in this comparative example, the total thickness of 
the electromagnetic wave absorber 1 was as thick as 4.5 mm, 
and the weight was as heavy as 7 kg/m 2 , and as a result, the 
flexibility was poor and the workability was poor. 
Embodiments of the invention may be embodied in other specific 
forms without departing from the spirit or essential 
characteristics thereof. The present embodiments are 
therefore to be considered in all respects as illustrative and 
not restrictive, the scope of the invention being indicated 
by the appended claims rather than by the foregoing description 
and all changes which come within the meaning and the range 
of equivalency of the claims are therefore intended to be 
embraced therein. 

Industrial Applicability 

[00126] According to at least one embodiment of the 

invention, by receiving electromagnetic waves using element 
receiving means with a high receiving effect, it is possible 
to collect electromagnetic waves at a higher collecting 
efficiency than that of radio wave absorbers using patterned 
layers disclosed in conventional techniques (JP-A 06-164184, 
Japanese Patent No. 3076473 (JP-A 06-244583) , Japanese Patent 
No. 3209456 (JP-A 06-140787 ) , Japanese Patent No . 3209453 (JP-A 
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06-45782) , JP-A06-252582, JP-A 06-2245 68 , JP-A 09-148782 , JP-A 
10-224075, JP-A 11-204984, JP-A 11-195890, and JP-A 
2003-243876) . Accordingly, it is possible to improve the 
ability to absorb electromagnetic waves, thereby realizing the 
electromagnetic wave absorber that is thin, light, soft, and 
excellent in the strength and workability while having a high 
ability to absorb electromagnetic waves. When a pattern is 
regarded as a receiving element, it is possible to design the 
absorber having the ability to absorb electromagnetic waves 
in combination with a different type of material such as a 
building interior material, and thus the absorber can be easily 
designed and produced as an interior material and the like. 
[ 00127 ] Furthermore , by forming corner portions in the shape 

of arcs, it is possible to improve the absorption efficiency 
of electromagnetic waves with the same frequency as the 
corresponding resonant frequencies. Accordingly, it is 
possible to realize the electromagnetic wave absorber that is 
thin and has a high absorption efficiency. 

[00128] Furthermore, according to at least one embodiment 

of the invention, a novel combination of conductor elements 
is proposed based on a calculation using the FDTD analysis method 
As a result, it is possible to make a (magnetic) loss material 
layer thinner than that in conventional electromagnetic wave 
absorbers using patterns, and thus the total thickness of the 
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electromagnetic wave absorber can be further reduced. 
[00129] Furthermore, according to at least one embodiment 

of the invention, it is possible to prevent the resonant 
frequencies of the conductor elements from being changed by 
the influence of a location at which the electromagnetic wave 
absorber is disposed. 

[00130] Furthermore, according to at least one embodiment 

of the invention, it is possible to increase the conductivity 
of the conductor elements and to improve the receiving 
efficiency . 

[00131] Furthermore, according to at least one embodiment 

of the invention, it is possible to stably attain a conductivity 
of 10,000 S/m or more in the conductor elements. 
[00132] Furthermore, according to at least one embodiment 

of the invention, the thickness is 0.1 mm or more and 4 mm or 
less. Accordingly, it is possible to realize the 
electromagnetic wave absorber that is thin, light, highly 
flexible, and excellent in the strength, and thus it is possible 
to realize the electromagnetic wave absorber that can be easily 
handled, is excellent in the workability , andhas less limitation 
regarding the arrangement location. 

[00133] Furthermore, according to at least one embodiment 

of the invention, the mass is 0.2 kg/m 2 or more and 5 kg/m 2 or 
less. Accordingly, it is possible to realize the 
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electromagnetic wave absorber that is thin, light, highly- 
flexible, and excellent in the strength, and thus it is possible 
to realize the electromagnetic wave absorber that can be easily- 
handled, is excellent in the workability , andhas less limitation 
regarding the arrangement location. 

[00134] Furthermore, according to at least one embodiment 

of the invention, cross conductor elements and quadrangular 
conductor elements are provided, and the size of the conductor 
elements are optimized such that the conductor elements resonate 
with electromagnetic waves that are to be absorbed . Accordingly, 
it is possible to realize element receivingmeans for efficiently 
absorbing electromagnetic waves. 

[00135] Furthermore, according to at least one embodiment 

of the invention, an optimum (high) receiving efficiency is 
provided in the combination of the cross conductor elements 
and the quadrangular conductor elements. Accordingly, it is 
possible to realize the electromagnetic wave absorber with a 
high absorption efficiency. 

[00136] Furthermore, according to at least one embodiment 

of the invention, it is possible to lower the resonant 
frequencies by adjusting the size of the spacings between the 
conductor elements, and thus the total thickness of the 
electromagnetic wave absorber can be reduced. 
[00137] Furthermore, according to at least one embodiment 
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of the invention, the property values of loss materials are 
determined so as to improve the absorption efficiency of 
electromagnetic waves, and thus it is possible to efficiently 
absorb electromagnetic waves. 

[00138] Furthermore, according to at least one embodiment 

of the invention, the flame resistance, the 

quasi-incombustibility , or the incombustibility is provided, 
and thus the absorber can be preferably used in or laminated 
on a building interior material. 

[00139] Furthermore, according to at least one embodiment 

of the invention, it is possible to absorb electromagnetic waves 
at a high absorption efficiency using the electromagnetic wave 
absorber . 
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